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Description 

The present invention relates to a hydroformylation process of an olefinic compound using a modified Group VIII 
metal catalyst. 

5 EP-A-0 285 136 discloses a process for the purification of tertiary organophosphites which can be used as ligands 
for rhodium complex catalysed hydroformylation reactions. 

It is well known in the art to produce an aldehyde or its hydrogenated product. i.e. alcohol, by reacting an olefinic 
compound with hydrogen and carbon monoxide in the presence of a modified Group VIII metal catalyst. 

As the catalyst, a soluble complex of a Group VIII transition metal-phosphorus ligand is generally used, and it is 

10 well known that the ligand used with this metal component has a substantial influence on the catalytic reaction. It is also 
well known that reaction activity, selectivity or catalyst stability largely varies in hydroformylation reaction depending on 
the selection of the ligand. and it is an important subject in this technical field to mate a research on a ligand effective 
for inproving these properties. 

Various phosphite compounds are known as a group of phosphorus compounds used for a ligand, and phosphite 

75 compounds such as a polyphosphite having plural coordinated phosphorus atoms in a nrrolecule have been heretofore 
proposed in additton to sinple nfX)nophosphite conpounds such as a trialkylphosphite and a triarylphosphite. 

For example, Japanese Unexamined Patent Publication No. 116587/1987 or No. 116535/1987 discloses a phos- 
phite compound characterized by the structure wherein at least one phosphorus atom is bonded with adjacent two oxy- 
gen atoms to form a ring, as a phosphite compound containing at least 2 phosphorus atoms in a molecule. 

20 As mentioned above, various phosphite compounds have been proposed as a ligand used in hydroformylation 
reaction, but the stability of the prior phosphite compound has not been always satisfactory in the reaction process and 
the prior phosphite still has a problem when it is used as an industrial catalyst which is requested to maintain its catalytic 
activity for a long term. Thus, the devekspment of a phosphite ligand excellent in hydroformylation activity, selectivity of 
the aimed product and catalyst stability is strongly demanded. 

25 The present inventors have studied and made a research for a ligand effective for improving and maintaining activ- 
ity and selectivity in hydroformylation reaction, and as the result of the research, have discovered that a phosphite com- 
pound having the specific structure is effective for hydroformylation and has an excellent catalyst stability. The present 
invention has been achieved on the basis of this discovery. 

Thus, the present invention provides a hydroformylation process for preparing a hydrofbrmylated product by react- 

30 ing an ol^inic compound with hydrogen and carbon nnonoxide in the presence of a Group VIII metal catalyst, charac- 
terized In that there is present in the reaction system a phosphite compound having the formula (1), 

A^{0-P(0R1)(0R2)]„ (I) 

35 wherein and R^ are respectively an aromatic hydrocarbon group which may be the same or different and the aro- 
matic hydrocarixm group has at least a hydrocartjon group on a carbon atom adjacent to a carbon atom bonded with 
an oxygen atom as a substituent; A^ is an n-valent organic group having an aliphatic hydrocartx>n group, a 
cycloalfphatic hydrocartx)n group or an aromatic hydrocartx)n groip bonded with an adjacent oxygen atom, which may 
respectively have a substituent; n is an integer of from 2 to 4; and the respective 
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45 



SO 



fO-P(OR^)(OR2)] 

group may be the same or different, and also provkJes a bisphosphite compound having the formula (II), 



wherein R^. R"*, R^ and R^ are respectively a p-naphthyl group having a hydrocarbon group at least at the 3-position, 
55 which may be the same or different, and A^ is a divalent group having an aliphatic hydrocarbon group, a cydoaiiphatic 
hydrocarbon group or an aromatic hydrocarbon group bonded with an adjacent oxygen atom, which may respectively 
have a substituent. 

The present invention is described hereinafter in more details. 
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The phosphite oompourKls used in the hydroformylation process of the present invention are defined by the atx>ve 
general formula (1). AniK>ng these phosphite compounds, a bisphosphite compound defined by the above general for- 
mula (II) Is novel. 

In the above formula (I), examples of aromatic hydrocartx)n groups represented by and indiKie a phenyl 
5 group, a naphthyl group, an anthracenyl group or the like, and among them, a ph^yt group and a p-naphthyl group are 
preferable for industriEd use. 

The aromatic hydrocarbon groups represented by and R^ have a hydrocart>on substituent on a cart)on atom 
adjacent to a cartx)n atom bonded with an oxygen atom, and examples of the hydrocart>on substituent (e.g. a substitu- 
ent present at the ortho-posrtion of a phenyl group of R^ and R^ or a substituent present at the 3-position of a p-naphthyl 

10 group of R^ and R^) include an alkyi group, an aralkyi group, an aryl group, a cycloalkyl group or the like, and among 
them, preferable examples include an all^ group having a carbon nuntoer of from 3 to 20. particularly an isopropyt 
groups a tertiary butyl group, a tertiary pentyl group or the like. 

R^ and R^ may have other substituents (preferably from 1 to 3) in addition to tiie above substituents. and examples 
of these substituents include a linear or branched alkyt group such as methyl, ethyl, propyl, butyl and pentyl. an alkoxy 

75 group such as methoxy and ethoxy. an alkoxycartx>nyl group such as methoxycartx)nyl and ethoxycarbonyt. and a phe- 
nyl groupL 

Each group represented by the formula. 
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fO-P(OR^)(OR^l 

may be the same or different That is. particular examples of the phosphite conrpounds represented by the formula (I) 
include: 

(i) n = 2 

OP (OR^^) (OR") 



^OP (OR") (OR") 



(ii) n = 3 





OP 
—OP 
OP 


(OR^^) 


(Or21) 


35 




(0R22) 




(0R^3j 


(0R23) 


40 


(iii) n s 4 







OP 


(OR^l) 


(OR") 


OP 


(0R^2j 


(Or22) 


OP 


(0R^3) 


(OR") 


OP 


(OR") 


{OB?*) 



wherein R^\ R^^. R^^ and R^^ are as defined in the above R\ and may be the same or different: and R^^ R^, R^^ and 
R^"* are as defined in the above R^, and may be the same or different. 
55 Examples of the group A"" in the above formula (0 include ® an n-valent organic group containing an aliphatic 
hydrocarbon group which may have a substituent. (g) an n-valent organic group containing a cycloaliphatic hydrocar- 
bon group which may have a substituent. or (g) an n-valent organic group containing an aromatic hydrocaiton group 
which may have a substituent. 
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Preferable examples of these groups include a divalent group represented by -R- or -R-B-R-, a trivalent group rep- 
resented by 



5 




and a tetravaient group represented by 

10 

i 1 I 

-R- or -R-B-R-, 
I 

15 

wherein R represents from divalent to tetravaient saturated aliphatic hydrocarbon groups, a saturated cycioaliphatic 
hydrocarbon group or an aromatic hydrocarbon group, each group of which may have a substituent (examples of the 
substituent include an alkoxy group, a phenyl group, a naphthyl group, an amino group, an alkylamino group, an acyl 
group, an alkoxycarbonyl group, an acyloxy group or the like): and B represents a group selected from the group con- 
20 sisting of -CR^R^-. -0-, -S- and -CO- (each of R^ and R^ is a group selected from the group consisting of a hydrogen 
atom, an alkyi group, an aryi group, an arylalkyi group, an all^aryl group and a cycloalkyi group). 

Preferable examples of R include: 
-CH2CH2-, ■CH2CH2CH2" 
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30 




a phenyiene group, a biphenylene group, a naphthylene group or the like. 

When the phosphite compound is a bisphosphite compound as defined by the above general formula (II), in the 

35 above formula (10 represents a divalent group containing an aliphatic hydrocarbon group, a cycioaliphatic hydrocart>on 
group or an aromatic hydrocarbon group bonded with an adjacent oxygen atom. Preferable examples of the divalent 
group represented by include -Ar- and -Ar-B-Ar- wherein Ar is an arylene group which may have a substituent. and 
B is a group selected from the group consisting of -CR®R^°-. -0-. -S-, and -CO- (each of P? and R^° is a group selected 
from the group consisting of a hydrogen atom, an alkyI group, an aryl group, an arylalkyi group, an alkylaryl group and 

40 a cycloalkyi group). Preferable examples of Ar include a phenyiene group, a biphenylene group or a naphthylene group 
A method for preparing the phosphite compounds of the formulas (I) and (11) is not specially limited. For example, 
the phosphite compound of the formula (I) can be easily prepared by (a) reacting phosphorus trichloride with an aro- 
matic hydrocarbon compound containing a hydrocarbon group on a carbon atom adjacent to a carbon atom having a 
phenolic hydroxyl group in a solvent such as toluene in the presence of an amine compound to form an intermediate 

45 product of the formula, CIP(0R^)(0R2) wherein R"" and R^ are the same as defined in the above formula (I), arxJ (b) 
then reacting the formed intermediate product with a compound of the formula A^(OH)n wherein A^ and n are the same 
as defined in the above formula (I), to form a corresponding phosphite compound. 

The bisphosphite compound of the formula (II) can also be easily prepared, for example, by (a) reacting phospho- 
rus trichloride witii a p-naphthol compound having a hydrocarbon group at the 3-position in a solvent such as toluene 

so in the presence of a HCI receptor such as an amine to form an intermediate product of the formula. CIP(OR^)(OR^) or 
CIP(OR^(OR^) wherein R^, R^, R^ and R® are tiie same as defined in the above general formula (II), and (b) then react- 
ing the formed intermediate product with a divalent phenol conpound of the formula, a2(OH)2 wherein A^ is the same 
as defined in the above formula (II), to form a corresponding bisphosphite compound. 

Examples of the compounds of the formula, A^(OH)n or A^{0H)2. include 2,5-di-t43utyIhydroquinone, 2,5-di-t-amyl- 

55 hydroquinone, 2.5-dimetiiylhydroquinone, 4.6-di-t-butylresorcinol, bisphenol-A, 4,4'-methylenebls(2-methyl-6-t-butyl- 
phenol), 4.4'-thlobis(2-methyl-6-t-l)Utylphenol). 4,4'-oxobis(3-methyl-6-lsopropylphenol), 4,4'-butylidenebis(3-methyl-6- 
t-butylphenol). 2,2'-biphenyldiol. 3,3',5.5'-tetramethyl-2.2*-biphenyldioI, 3.3',5.5*-tetra-t-butyl-2.2*-biphenyldlol. 3,3'- 
dimelhoxy-5.5'-dimetiTyl-2,2*-biphenykliol. 3.3'KJi-t-butyl-5.5'-dimetiTOxy-2.2'-biphenyldlol. 3,3*-di-t-butyl-5.5'-dimethyl- 
2.2'-biphenyldiol, 2.2'<lihydrQxydlpheny!methane, 2,2*-melhylenebis(4-metiTyl-6-t-butylphenor). 2,2'-methylenebis(4- 
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ethyl-6-t-buty!phenoO. 2.2'-thiobis{4-methyl-6-t-buty!phenol). 2.2'-thiobis{4-t-butyi-6-methylphenol). 2,2'-thiobis(4.6Kli-t- 
butylphenol). 1,r-thiobls(2-naphthol), catechol, 2.3-dihydroxynaphthalene, I.S-dihydroxynaphthalene, 1 .4<lihydroxy- 
naphthalene, phlorogluctn, 1.r-m6thylenebis(2-naphthol). 1,r-di-2-naphthol. ethyleneglycol, 1.3i3ropanedlol, 1,2- 
but^nediol, 1,4-buthanediol. pentaerythritol. trans-1,2-cyclohexanediol. cis-1.2-cyclohexanediol. cis-1,2-cydohexan- 

5 edimethanol. cls-1 ,2-cyclododecanedlol or the like. 

Examples of the aromatic hydrocartx)n compound having a hydrocarbon group on a carison atom adjacent to a car- 
bon atom having a phenolic hydroxy! or the p-naphthol conpound having a hydrocaibon group at the 3-position, include 
2-t-butylphenol, 2,4-di-t-butylphenol, 2-isopropy!phenol, 2-t-amylphenol. 2.4-di-t-amyIphenol, 2-s-butylphenol, 6-t-butyl- 
2,4-xylenoI. 3-t-butyl-4-hydroxyanlsole. 3-t-buty!-4-hydroxybiphenyl. 2-t-butyt-p-cresol. methyl 3-t-butyl-4-hydroxyben- 

10 zoate, 2-hydroxybiphenyl, 3-t-butyl-2-naphthol, 3.6-di-t-butyl-2-naphthol. 3.6,8-tri-t45utyi-2-naphthol, 3-isopropyl-2- 
naphthol. 3,6-diisopropyl-2-naphthol. 3,6,8-triisopropyl-2-naphthol, 3-t-amyl-2-naphthol. 3,6-di-t^myl-2-naphthol, 
3,6,8-tri-t-amyl-2-naphthol or the like. 

The phosphite compound used in the present invention has the such structural characteristics that it does not con- 
tain a ring structure formed by adjacent two oxygen atoms and a phosphorus atom and that tiie aromatic hydrocarbon 

15 group represented by and in the fbrnrujla (I) has a hydrocarbon group on a cart>on atom adjacent to a carbon atom 
bonded with an oxygen atom. Due to these structural characteristics, it can be present in the hydroformylation reaction 
at a high stability as a phosphite ligand and a complex comprising Group VIII metal-phosphite ligand, and as this result, 
it provides a satisfactory hydroformylation activity and selectivity. 

When in the formula (I) is an organic group containing an aromatic hydrocarbon group or when in the formula 

20 (11) is a divalent group containing an aromatic hydrocarbon group, the aromatic hydrocai1x>n group should preferably 
have a sutsstituent on a carbon atom adjacent to a cartx)n atom bonded with an oxygen atom. The substituent used 
herein means every substituent other than a hydrogen atom, examples of which include -OP(OR^)(OR^. - 
0P(0R3)(0R^) or -0P(0R5){0R^); -B-R- or 
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-B-R- 



(as in the case that is the above mentionecl -R-B-R- or 



I I 

-R-B-R- ); 



or -B-Ar- (as in the case that A^ is the above mentioned -Ar-B-Ar-). Also, in the case of the bisphosphite compounds of 
the formula (11), four p-naphthyl groups should preferably have a bulky hydrocarbon group at the 3- and 6-positions. 

When tiie phosphite compound of the present invention is used in the hydroformylation reaction of an olef inic com- 
pound in the presence of a Group VIII metal catalyst, the activity or the selectivity of the aimed product in the hydrofor- 
40 mylation reaction can be controlled by selecting tiie type of the phosphite compounds. For example, when the phosphite 
compound has such a structure as to form a chelate type metal complex witii the Group VIII metal, the hydrofbrmytated 
product provides a high n-fbrm selectivity in the hydroformylation of a-olefin. Examples of an n-valent compound of tiie 
formula, 

45 aU0H)„ 

(wherein A^ and n are the same as defined in the above formula (I)) used in the preparation of ttie phosphite compound, 
suitable fa forming this chelate type phenolic complex, include 2.2'-biphenykiiol. 2,2*-dihydroxydiphenylmethane, 2,3- 
dihydroxynaphtiialene, catechol, 1,2-cyclohexanediot. cis-1.2-cyc(ododecanediol. ethyleneglycol, 1,3-propanediol. 
50 pentaerythritol, 1,1'-thiobis(2-naphtiiol), 1,1'-dinaphtiiol. 2,3-dihydroxynaphthalene or the like. 

When the phosphite compound has such a structure as to form a non-chelate type metal complex witii the Group 
VIII metal, it provides a high hydroformylation activity not only to an a-olefin but also to a branched internal olefin having. 
Examples of an n-valent compound of the fbnmula. 

55 AHOH)n 

(wherein A^ and n are the same as defined In the above formula (i)) used in the preparation of tiie bisphosphite com- 
pound, suitable for fomiing the non-chelate type metal complex, include 2.5-di-t-butylhydroquinone, 4.4*-methyl- 
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enebis(2-methyI-6-t-butylphenol), 4.4'-thiobis(2-methyl-6-t-butylphenol), 2.5-di-t-amylhydroquinone, 4.4*- 
butylidenebis(2-methyl-6-t-butylphenol) or the like. 

Typical examples of the phosphite compounds of the formula (I) or (II) used in the hydroformylation process of the 
present invention are illustrated in the following. In this case, it is preferable for obtaining a high stability that when 
5 or has an aromatic hydrocartx)n ring bonded with an adjacent oxygen atom, the aromatic hydrocarbon ring should 
preferably have such a bulky hydrocarbon group as an isopropyl group, a t-butyl group or a t-pentyl group, on a carbon 
atom adjacent to a caifoon atom bonded with an oxygen atom. 
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55 In the above chemical structural formulas, 

+ is a tertiary butyl group; 
Y is an isopropyt group; 
Is a tertiary amy! group; 
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Me is a methyl group; and 
Et is an ethyl group. 

An clef inic compound used in the preparation of aldehydes in accordance with the present invention is not spedally 
5 limited so long as it has at least one olefinic double bond in the molecule, examples of which indude an olefinic com- 
pound substituted with a saturated hydrocarbon group only, an olefinic compound substituted with a hydrocartx)n group 
containing an unsaturated hydrocai1x)n group, an olefinic compound substituted with a functional group containing a 
heteroatom. and the like. 

Examples of the olefinic compound substituted with a saturated hydrocarbon group only, include linear terminal 
10 olefinic hydrocarbons such as ethylene, propylene. 1 -butene. 1 .3-butadiene. 1 -pentene, 1 -hexene. 1 -octene. 1 -nonene. 
1-decene. 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene. 1-eicoseneand 1-dococene: branched terminal 
olefinic hydrocarbons such as isobutene and 2-methyl-1-butene; linear internal olefinic hydrocartx)ns such as cis- and 
trans-2-butene, cis- and - trans-2-hexene, ds- and -trans-3-hexene, cis- and trans-2-octene and ds- and trans-3- 
octene: branched internal olefinic hydrocartwns such as 2.3-dimethyl-2-butene. 2-methyl-2-butene and 2-methyl-2- 
15 pentene; terminal olefinic hydrocarbon-internal olefinic hydrocart>on mixtures such as octanes prepared by dimerization 
of butanes, olefin oligomer isomer mixtures of from dimer to tetramer of lower def ins including propylene, n-butene, iso- 
butene or the like; and cycloaliphatic def inic hydrocarbons such as cyclopentene, cyclohexene, 1-methylcydohexene, 
cyclooctene and limonene. 

Examples of the definic compound substituted with a hydrocartx)n group containing an unsaturated hydrocart)on 

20 group indude olefinic conpounds containing an aromatic substituent such as styrene, a-methylstyrene and allylben- 
zene; and diene compounds such as 1.5-hexadiene, 1.7-octadiene and nortx)rnadiene. 

Examples of the olefinic compound substituted with a functional group containing a heteroatom indude vinyl methyl 
ether, methyl oleate. allyl alcohol, oleyl alcohd, 3-methy!-3-butene-1-ol, 3-hydroxy-1,7-octadiene, 1-hydroxy-2,7-octadi- 
ene. 1-methoxy-2,7-octadiene. 7-octene-1-al. hexa-1-en-4-d, acrylonitrile, acrylic acid esters such as methylaaylate, 

25 methaaylic acrcl esters such as methylmethacrylate, vinyl acetate and 1 -acetoxy-2,7-octadiene. 

The amount of the phosphite compound of the present invention is not specially limited, but is optionally selected 
so that favorable results can be obtained in respect or catalyst activity and selectivity. Generally, the phosphite com- 
pound of the present invention is used in an amount of from about 0.5 to 500 mols, preferably from 1 to 100 mols per 
gram atom of Group VMI metal. 

30 The phosphite compound of the present invention is preferably used by previously forming a conplex with a Group 
VIII metal compound. The Group VIII metal complex can be easily prepared from the phosphite compounds and the 
Group Vill compounds such as hydrides, halides, organic add salts, inorganic acid salts, oxides, caitxmyl compounds 
and amine compounds, in accordance with a known complex-forming method. Also, the complex may be formed in srtu 
by charging the Group VIII metal compounds and the phosphite compounds into the hydroformylation reaction zone. 

35 Examples of the Group VIII metal compounds include ruthenium compounds such as Ru3(CO)i2» Ru(N03)3, 
RuCl3(Ph3P)3 and Ru(acac)3: palladium compounds such as PdCl2. Pd{0Ac)2, Pd(acac)2, PdCl2(COD) and 
PdCl2(Ph3P)2; osmium compounds such as Os3(CX))i2 and OSCI3; iridium compounds such as lr4(CO)i2 and lrS04; 
platinum compounds such as K2PtCl4. PtCl2(PhCN)2 and Na2PtCl6*6H20: cobalt conpourKls such as C0CI2. 
Co(N03)2. Co(OAc)2 and Co2(CO)8; and rhodium compounds such as RhCls. Rh(N03)3. Rh(0Ac)3. Rh203, 

40 Rh(acac)(C0)2. [Rh(0Ac)(C0D)]2. Rh4(CO)i2. Rh6(CO)i6. RhH(CO)(Ph3P)3. [Rh(OAc)(CO)2]2 and [RhCI(C0D)]2 
(wherein "acac" is an acetylacetonate group; "Ac" is an acetyl group; "COD" is 1 ,5-cyclooctadiene; and "Ph" is a phenyl 
group). However, it should be noted that the Group VIII metal compounds are not necessarily limited to the above listed 
compounds. 

The amount of a Group VIII metal compound used is not specially limited, but is optionally selected so that favora- 
45 ble results can be obtained in respect of catalyst activity and economy. Generally, it is used at a concentration of from 
0.05 mg to 5 g, preferably from 0.5 mg to 1 g (on the basis of metal atom) per litter of an olefinic compound in the hydro- 
fCM'mylation reaction zone. 

In the hydroformylation reaction of the present invention, the use of a reaction solvent is not essential, but a solvent 
inert to the hydroformylation reaction may be present. Suitable examples of the solvent indude aromatic hydrocartx)n 
50 compounds such as benzene, toluene, xylene and dodecylbenzene; ketones such as acetone, diethylketone and meth- 
ylethylketone; ethers such as tetrahydrofuran and dioxane; and esters such as ethyl acetate and di-n-octyl phthalate. A 
mixture of the solvents may also be used. It is also possible to use an excess amount of the starting olefinic compound 
as a solvent. 

The reaction conditions to conduct the hydroformylation process of the present invention are the same as those 
55 used in the conventional process. For example, the reaction temperature is from room temperature to 200*^0, preferably 
from 50 to 150°C, and the reaction pressure is from nornral pressure to 200 atms, preferably from 5 to 100 atms. more 
preferably from 5 to 50 atms. The mol ratio of hydrogen and carbon oxide (H2/CO) is generally from 10/1 to 1/10. pref- 
erably from 1/1 to 6/1. 
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Examples of the reaction system of the hydroformylation reaction include a continuous type, semi-continuous type 
or batch type operation using a stirring type reaction tank or a bubble tower type reaction tank. 

Another feature of the present invention resides in that since the phosphite compound of the present invention can 
be stably present after the hydroformylation reaction, the catalyst component containing the phosphite compound and 
the hydroformylated product are separated by a known method and a part or the whole part of the catalyst component 
can be reused by recycling into the hydroformylation reaction zone. 

As mentioned above, according to the present invention, the hydroformylation reaction activity and the selectivity 
of the aimed product can be highly improved by getting the phosphite compound together with the Group VIII metal cat- 
alyst present in the hydroformylation reaction. Furthermore, since the phosphite conpound is favorably stable, the cat- 
alyst containing the phosphite compound recovered by a known method can be reused in the hydroformylation reaction, 
thus providing a great industrial merit. 

Now, the present invention will be described in further detail with the reference to Examples. 

EXAMPLE 1 

90 m^ of 1-oclene, 10 mi of toluene (gas chromatography internal standard), 2.6 mg of Rh(acac) (C0)2 and 25 
mols of the above mentioned Phosphite Compound No. 14 per mol of rhodium atom (P/Rh = 50) were charged in the 
atmosphere of argon into a stainless steel made up-and-down-stirring type autoclave having an internal volume of 200 
mt. and the autoclave was sealed. The autoclave was purged with nitrogen gas (2.94 • 1 0^ Pa (30 kg/cm^ • G)) three 
times, and the temperature was raised to 120^0 under nitrogen gas (0 Pa (0 kg/cm^ •G)). Immediately after the tem- 
perature reached 120*C. water gas (Hg/CO = 1) was charged therein under pressure to a level of 4.90 • 10^ Pa (50 
kg/cm^ • G) to initiate reaction and the reaction was continued for 4 hours. The water gas consumed during the reaction 
was supplied from a pressurized chamber through a secondary pressure regulator, and the reaction pressure was con- 
stantly maintained at 4.90 • 1 0^ Pa (50 kg/cm^ • G). 

After the reaction, the autoclave was cooled to room temperature, and the reaction liquor was taken out under 
argon atmosphere. A part of the reaction liquor was subjected to gas chromatography analysis (column: CBP1 Caplrary 
0.250 X 50 m manufactured by Shimazu Selsakusho K.K.) to measure the concentration of the product. The results are 
shown in Table 1 . 

The reaction liquor was further subjected to ^^P-nmr measurement (JEOL JNM-FX100), and as this result, a signal 
of a free phosphite compound was observed at chemical shift value 5 = 129.9 ppm under H3PO4 standard, but other 
oxides and decomposed materials of the phosphite were not detected. 

COMPARATIVE EXAMPLE 1 

The hydroformylation reaction of 1-octene was repeated in the same manner as in Example 1. except that the 
phosphite compound (111) having the following structure was used in place of Phosphite Compound No. 14. The reaction 
results are shown in Table 1 . 




(Ill) 



EXAMPLES 2 TO 4 

The hydroformylation reaction of 1 -octene was repeated in the same manner as in Example 1 . except that each of 
Phosphite Compounds Nos. 33, 37 and 39 was used in place of phosphite Conpound No. 14. The reaction results are 
shown In Table 1 . According to the ^""P-nmr analysis of the reaction liquor, oxides and decomposed products of the 
phosphite were not detected. 
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EXAMPLES 

The hydroformytation reaction of 1-octene was repeated in the same manner as in Example 1, except that Phos- 
phite Compound No. 12 was used in place of Phosphite Conpound Na 14 and 26.0 mg of Rh(acac)(C0)2 was used at 
5 P/Rh mol ratio of 8, and that the reaction was continued for 7 hours. The reaction results are shown in Tatsle 1 . Accord- 
ing to the ^V-nmr analysis of the reaction liquor taken out after the reaction, decomposed materials of the phosphite 
compound were not detected. 

EXAMPLE 6 

10 

The hydroformytation reaction of 1-octene was repeated in the same manner as in Example 5. except that Phos- 
phite Compound No. 35 was used In place of Phosphite Compound No. 12. The reaction results are shown in Table 1 . 
Even after the reaction, the phosphite conpound was stat3ly present. 
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EXAMPLE? 

The hydrofbrmylation reaction was conducted for 5 hours in the same manner as in Example 5. except that Phos- 
phite Compound Na 2 was used at P/Rh mo) ratio of 10 in place of Phosphite Compound Na 12 and that an octene 
5 mixture of cfimerized butene was used as the olefin starting materia). After the reaction, the octene conversion was 89.0 
mol% and the aldehyde yield was 88.4 mol%. According to the ^^P-nmr analysis of the reaction liquor, decomposed 
materials of the phosphite conr^und were not detected and the phosphite compound was stat)ly present. 

EXAMPLES 

10 

55 m/ of methaxylene. Smlof toluene. 15.0 mg of Rh(acac)(C0)2 and 5 mols of the above mentioned Phosphite 
Compound Na 12 per mol of rhodium atom (P/Rh mol ratio = 10) were charged under argon atnx)sphere into a stain- 
less steel made ip-and-down-stining type autoclave having an internal volume of 200 m/. and the autoclave was 
sealed. The autoclave was purged with nitrogen gas (2.94 • 10^ Pa (30 kg/cm^ • G)) three times. After the pressure of 
15 the nitrogen gas was restored to 0 Pa (0 kg/cm^ • G), 1 6.0 g of liquefied 1 -txjtene was charged under pressure. There- 
after, the hydroformylation reaction of 1 -butene was conducted in the same manner as in Example 1 under the condi- 
tions of H2/CO (mol ratio = 1) 4.90 • 10^ Pa (50 kg/cm^ * G) and temperature 120''C. After the reaction for 6 hours, the 
butene conversion was 90.8 mol% and the aldehyde yield was 90.0 mol%, and the n/i aldehyde production ratio was 
20.3. Decomposed by-products of the phosphite compound were not detected from the reaction liquor. 

20 

EXAMPLE 9 

The hydroformylation reaction of 1 -butene was conducted in the same manner as in Example 8, except that Phos- 
phite Compound No. 14 was used In place of Phosphite Compound No. 12 and that the amount of Rh(acac)(C0)2 was 
25 made 1 .5 mg and the P/Rh mol ratio was made 50. After the reaction for 6 hours, the butene conversion was 98.0 mol% 
and the aldehyde yield was 97.3 mol%. and the n/i aldehyde production ratio was 7.0. The phosphite compound was 
stably present even after used in the reaction. 

EX/VMPLE 10 (Synthesis of Phosphite Compound) 

30 

About 50 m/ of toluene solution having 15.38 g (0.06 mol) of 3.6-di-t-butyl-2-naphthol and 6.07 g (0.06 mol) of tri- 
ethylamine dissolved, was dropwise added at room temperature for about 0.5 hour under stirring into about 50 m/ of a 
PCI3 toluene solution having 4.11 g (0.03 mol) of phosphorus trichloride dissolved. After the dropwise addition, the 
resultant mixture was stirred further for one hour. To the reaction liquor containing the phosphorochloridite intermediate 

35 thus obtained, was dropwise added about 50 m/ of a toluene solution having 2.79 g (0.01 5 mol) of 2.2'-btphenyldiol and 
3.04 g (0.03 mol) of triethylamine dissolved at room temperature for about 0.5 hour under stining. After the dropwise 
addition, the stirring was further continued, and the completion of the reaction was recognized by ^V-nmr analysis. 
Thereafter, about 100 m/ of distilled water was added to dissolve a by-produced solid triethyl amine hydrochloride pre- 
cipitate, and the resultant solution was settled to separate the organic phase and the aqueous phase. The aqueous 

40 phase was further extracted twice with 50 m/ of toluene, and the extracted liquor was mixed with the organic phase. 
The resultant mixture was dried with anhydrous magnesium sulfate overnight. After removing the magnesium sulfate by 
a 0.2 |i milliporefilter. the resultant mixture was concentrated by vacuum distillation to obtain a residue. Thereafter, the 
residue was reaystallized with toluene/acetonitrite (1/20 volume ratio) to obtain a white powdery solid bisphosphite 
compound (the above mentioned Phosphite Conpound No. 58). 

45 In the same manner as above, the above mentioned Bisphosphite Compounds Nos. 53. 55. 56. 59. 68 and 69 were 
respectively prepared by using 3.6-di-t-butyl-2-naphthol and the corresponding divalent phenol compounds. 

TTie chemical structures of the bisphosphite compounds thus obtained were analyzed by phosphorus-31 nuclear 
magnetic resonance spectrum method (JEOL JNM-FX100), elemental analysis method and SIMS mass analysis 
method (M-2000A manufactured by Hitachi Seisakusho K.K.). The analytical data are shown in Table 2. 

50 
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Table 2 



Dispnospnne 
compound No. 


r -INIVin Udia 1 

chemical shift 
value (ppm) 


Elemental analysis 


SIMS mass spectrum 
molecular ion mass 








c 


H 


P 


s 




(58) 


128.0 


Calculated value 


79.59 


7.95 


4.89 




1268 [M+] 


Analvtical value 


79.29 


8.05 


4.75 




(68) 


129.2 


Calculated value 


79.66 


8.02 


4.83 




1281 [M+] 


Analvtical value 


79.20 


8.31 


4.67 




(59) 


127.2 


Calculated value 


78.62 


8.12 


5.20 




1191 [M+] 


Analytical value 


78.60 


8.06 


5.17 




(69) 


128.9 


Calculated value 


79,32 


7.96 


4.99 




1242 [M+] 


Analytical value 


79.11 


7.90 


5.03 




(S3) 


128.8 


Calculated value 


79.23 


8.66 


4.75 




1304 [M+] 


Analytical value 


79.08 


8.75 


4.71 




(56) 


130.1 


Calculated value 


79.36 


8.78 


4.65 




1332 [M+] 


Analytical value 


78.00 


8.88 


4.69 




(55) 


128.3 


Calculated value 


78.41 


8.40 


4.30 


2.23 


1440 [M+] 


Analytical value 


78.72 


8.59 


4.31 


2.23 



M: ppm to H3PO4 

30 



EXAMPLE 11 

35 

90 ml of 1-octene, 10 m/ of toluene (gas chromatography internal standard), 26.0 mg of Rh(acac) (C0)2 and 4 
mols of the above mentioned Bisphosphite Compound No. 58 per mol of rhodium atom (P/Rh = 8 equivalent) were 
charged in the atmosphere of argon into a stainless steel made up and down-stirring type autoclave having an internal 
volume of 200 mi, and the autoclave was sealed. The autoclave was purged with nitrogen gas (1.96' 10® Pa (20 

40 kg/cm^ • G)) three times, and the temperature was raised to 1 20°C under nitrogen gas (0 Pa (0 kg/cm^ • G)). Immedi- 
ately after the temperature reached 120"C. water gas (H2/CO = 1) was charged therein under pressure to a level of 
4.90 • 10® Pa (50 kg/cm^ • G) to initiate reaction and the reaction was continued for 6 hours. The water gas consumed 
during the reaction was supplied from a pressurized chamber through a secondary pressure regulator, and the reaction 
pressure was constantly maintained at 4.90 • 10® Pa (50 kg/cm^ -G). After the reaction, the reaction liquor was taken 

45 out under argon atmosphere, and a part of the reaction liquor was subjected to gas chromatography analysis (column: 
Thermon-3000 Capirary 0.250 x 50 m) to measure the concentration of the product. The octene conversion was 82.9 
mol% and the aldehyde yield was 81 .7 mol%. and the n/i aldehyde production ratio was 23.3. The reaction liquor was 
further subjected to P-nmr analysis, but oxides and decomposed materials of the phosphite were not detected. 

50 EXAMPLE 12 

The hydrofbrmylation reaction of 1-octene was repeated in the same manner as in Example 11. except that 
Bisphosphite Compound No. 68 was used in place of Bisphosphite Compound No. 58 and 2.60 mg of Rh(acac)(CO)2 
was used at P/Rh mol ratio of 50. The octene conversion was 90.0 mol% and the aldehyde yield was 89.6 mol%. and 
55 the n/i akJehyde production ratio was 9.0. Decomposed materials of the phosphite compound were not detected. 
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EXAMPLE 13 

The hydrotormylation reaction of 1-octene was repeated in the same nnanner as in Example 12. except that 
Bisphosphite Compound No. 59 was used in place of Bisphosphrte Compound No. 68. The octene conversion was 90.0 
5 mol% and the aldehyde yield was 89.6 mol%, and the n/i aldehyde production ratio was 13.0. Decomposed materials 
of the phosphite compound were not detected. 

EXAMPLE 14 

10 The hydrotormylation reaction of 1-octene was repeated in the same manner as in Example 12. except that 
Bisphosphite Compound No. 69 was used in place of Bisphosphite Compound No. 68. The octene conversion was 89.0 
mol% and the aldehyde yield was 88.3 nfK>l%. and the n/l aldehyde production ratio was 15.7. 

EXAMPLE 15 

75 

90 m/ of an octene mixture of dimerized butene. 10 m/ of nvxylene (internal standard). 24.6 mg of Rh(acac)(CO)2 
and 5 nwls of the above mentioned Phosphite Compound No. 53 per mol of rhodium atom (P/Rh mol ratio = 10 equiv- 
alent) were charged under argon atmosphere into a stainless steel made up and down-stirring type autoclave having 
an internal volume of 200 m/. Thereafter, the hydroformylation reaction of the mixed octene was conducted In the same 
20 manner as in Example 1 1 under the conditions of H^/CO (mol ratio = 1) 4.90 • 10^ Pa (50 kg/cm^ • G)and temperature 
130**C. After the reaction for 5 hours, the octene conversion was 91.8 mol% and the aldehyde yield was 90.9 mol%. 
According to the ^^P-nmr analysis of the reaction liquor, decomposed products of the phosphite compound were not 
detected. 

25 EXAMPLE 16 

The hydroformylation reaction of the mixed octene was repeated in the same manner as in Example 1 5. except that 
Bisphosphite Compound No. 56 was used in place of Bisphosphite Compound No. 53. After the reaction for 5 hours, 
the octene conversion was 88.8 mol% and the aldehyde yield was 87.6 mol%. Even after the reaction, the bisphosphite 

30 conpound was stably present 

EXAMPLE 17 

TTie hydroformylation reaction of the mixed octene was repeated in the same manner as in Example 1 5, except that 
35 Bisphosphite Compound No. 55 was used in place of Bisphosphite Conpound No. 53. After the reaction for 5 hours, 
the octene conversion was 91 .4 mol% and the aldehyde yield was 90.3 mol%. Even after the reaction, the bisphosphite 
compound was stably present. 

EXAMPLE 18 

40 

55 m/ of methaxylene, 5 m£ of toluene, 15.0 mg of Rh(acac)(C0)2 and 5 mols of the above mentioned Phosphite 
Compound No. 58 per mol of rhodium atom (P/Rh mol ratio = 10 equivalent) were charged under argon atmosphere 
into a stainless steel made up and down-stinrlng type autoclave having an internal volume of 200 m£, arxJ the autoclave 
was sealed. The autoclave was purged with nitrogen gas (1 .96 • 10^ Pa (20 kg/cm^ • G)) three times. After the pressure 

45 of the nitrogen gas was restored to 0 Pa (0 kg/cm^ • G), 1 5.9 g of 1 -butene was charged under pressure. Thereafter, the 
hydroformylation reaction of 1 -butene was conducted in the same manner as in Example 11 under the conditions of 
H2/CO (nx)! ratio s 1) 4.90 * 10^ Pa (50 kg/cm^ • G) and temperature 120''C. After the reaction for 7 hours, the butene 
conversion was 89.3 mol% and the n/i aldehyde production ratio was 18.9. /According to the ^^P-nmr analysis of the 
reaction liquor, oxides and decomposed products of the bisphosphite compound were not detected from the reaction 

50 liquor. 

EXAMPLE 19 

The hydroformylation reaction of 1 -butene was repeated in the same manner as In Exanrple 18. except that 
55 Bisphosphite Compound No. 68 was used in place of Bisphosphite Compound No. 58 and 1.5 mg of Rh(acac)(CO)2 
was used. After the reaction for 6 hours, the butene conversion was 99.9 mol% and the n/i aldehyde production watio 
was 6.8. Decomposed by-products of the bisphosphite compound were not detected from the reaction liquor. 
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EXAMPLE 20 

The hydroformylation reaction of 1-octene was repeated In the same manner as In Example 12, except that 1 ,7- 
octadiene was used in place of 1 -octene and P/Rh mol ratio was made 1 00. After the reaction for 5 hours, the octadiene 
5 conversion was 99.0 mol% and the diformylated product (decanedial) yield was 80.0 mol%. and the n-form selectivity 
among the diformylated product was 80.6 mol%. 

COMPARATIVE EXAMPLE 2 

10 90 m£ of 1-octene, 10 m£ of toluene (gas chromatography internal standard). 2.5 mg of Rh(acac) (C0)2 and 10 
mols of the phosphite compound having the following structure per mol of rhodium atom were charged in the atmos- 
phere of nitrogen into a stainless steel made up and down-stiring type autoclave having an Internal volume of 200 mi. 
The autoclave was purged with nitrogen gas (2.94*10® Pa (30 kg/cm^-G)) three times, and the temperature was 
raised to 1 20^C under stirring after the internal pressure was restored to 0 Pa (0 kg/cm^ • G). Immediately after the tem- 

15 perature reached 120*»C, water gas (H2/CO = 1) was charged therein under pressure to a level of 4.90 • 10^ Pa (50 
kg/cm^ • G) from a pressurized chamber having an internal volume of 200 mi through a secondary pressure regulator 
to Initiate reaction and the reaction was continued for 5 hours. The Internal pressure was constantly maintained at 
4.90 • 10® Pa (50 l^cm^ • G) during the reaction. 

After the reaction, the autoclave was cooled to room temperature and was purged to normal pressure, and the 

20 reaction liquor was taken out. A minor amount of the reaction liquor was subjected to gas chromatography analysis (col- 
umn: C-BP1 Capirary Column 0.250 x 50 m manufactured by Shimazu Seisakusho K.K.) to measure the concentration 
of the product. As this result, the octene conversion was 30.3 mol% and the C9 aldehyde yield was 29.6 mol%, and the 
n/i C9 aldehyde production ratio was 2.2. 
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EXAMPLE 21 

90 mi of 1-tetradecene ("Dialene 14" Registered Trademark of Mitsubishi Kasei Corporation). 10 m/ of toluene 
45 (gas chromatography internal standard), 2.5 mg of Rh(acac) (00)2 and 50 mols of Phosphite Compound No. 68 per 
mol of rhodium atom were charged in the atmosphere of nitrogen into a stainless steel made up and down-stin-ing type 
autoclave having an internal volume of 200 mi. The autoclave was purged with nitrogen gas (2.94-10® Pa (30 
kg/cm^-G)) three times, and the temperature was raised to 120'C under stirring after the internal pressure was 
restored to 0 Pa (0 l^cm^ • G). Immediately after the temperature reached 120*C, water gas (Hg/CO « 1) was charged 
50 therein under pressure to a level of 4.90 • 1 0® Pa (50 kg/cm^ • G) from a pressurized chamber having an Internal volume 
of 200 mi through a secondary pressure regulator to initiate reaction and the reaction was continued for 5 hours. The 
internal pressure was constantly maintained at 4.90 • 10® Pa (50 kg/cm^ • G) during the reaction. 

After the reaction, the autoclave was cooled to room temperature and was purged to normal pressure, and the 
reaction liquor was taken out. A minor amount of the reaction liquor was subjected to gas chromatography analysis (col- 
55 umn: Thermon-3000 Capirary Column 0.250 x 50 m manufactured by Shimazu Seisakusho K.K.) to measure the con- 
centration of the product. As this result, the tetradecene conversion was 89.5 mol% and the C15 aWehyde yieW was 
89.0 mol%. and the n/i C^s aldehyde production ratio was 9.0. 

Thereafter, the reaction liquor was distilled under reduced pressure to separate the produced aldehyde. To the 
remaining liquor obtained after the distillation, were added 90 of the above 1 -tetradecene and 10 m/ of toluene, and 
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the reaction was conducted at 1 20''C for 5 hours under a pressure of 4.90 • 1 0® Pa (50 kg/cm^ • G) in the same manner 
as in the first time reaction. As this results, the tetradecene conversion was 89.5 mol% and the C15 aldehyde yield was 
88.7 mot%, and the n/i C15 aldehyde production ratio was 9.0. Thus, as conpared with the first time reaction, the activity 
of the catalyst was not deteriorated even after recycled and reused. 

5 

EXAMPLE 22 

90 m/ of l-octene. 10 m/ of toluene (gas chromatography internal standard), 2.5 mg of Rh(acac) (CO)2 and 50 
mols of Phosphite Compound No. 1 4 per mol of rfiodium atom were charged in the atmosphere of nitrogen into a stain- 
10 less steel made up and dowvn-stirring type autoclave having an internal volume of 200 mi. The autoclave was purged 
with nitrogen gas (2.94 • 10^ Pa (30 kg/cm^ • G)) three times, and the temperature was raised to 120*C under stining 
after the internal pressure was restored to 0 Pa (0 l^cm^ • G). Immediately after the temperature reached 1 20''C. water 
gas (H2/CO = 1) was charged therein under pressure to a level of 4.90 • 10^ Pa (50 kg/cm? -G) from a pressurized 
chamber having an internal volume of 200 m/ through a secondary pressure regulator to initiate reaction and the reac- 
ts tion was continued for 6 hours. The internal pressure was constantly maintained at 4.90 • 1 0® Pa (50 kg/cm^ • G) during 
the reaction. 

After the reaction, the autoclave was cooled to room temperature and was purged to normal pressure, and the 
reaction liquor was taken out. A minor amount of the reaction liquor was subjected to gas chromatography analysis (col- 
umn: C-BP1 Capirary Column 0.250 x 50 m manufactured by Shimazu Seisakusho K.K.) to measure the concentration 
20 of the product As this result, the octene conversion was 88.0 mot% and the C9 akfehyde yield was 87.0 mol%, and the 
n/i C9 aldehyde production ratio was 10.8. 

Thereafter, the reaction Iquor was distilled under reduced pressure to separate the produced aldehyde. To the 
remaining liquor obtained after the distillation, were added 90 m/ of the above 1 -octene and 10 of toluene, and the 
reaction was conducted at 120''C for 6 hours under a pressure of 4.90 • 10® Pa (50 kg/cm^ • G) in the same manner as 
25 in the first time reaction. As this results, the octene conversion was 89.0 mol% and the C9 aldehyde yield was 88.5 
mol%. and the n/i C9 aldehyde production ratio was 1 0.8. Thus, as compared with the first time reaction, the activity of 
the catalyst was not deteriorated even after recycled and reused. 

As mentioned above, according to the present invention, since the hydrofbrmylation reaction activity and the selec- 
tivity of the aimed product can be highly improved by getting the phosphite compound present in the hydrofbrmylation 
30 reaction, the hydrofbrmylation reaction can be industrially favorably conducted. 

Claims 

1 . A hydroformylation process for preparing a hydroformylated product by reacting an olef inic compound with hydro- 
35 gen and carton monoxide in the presence of a Group Vill metal catalyst, in the reaction of which there is present 
a phosphite compound having the formula (I). 

A^fG-P(0Ri)(0R2)]„ (I) 

40 wherein and R^ are respectively an aromatic hydrocartx)n group which may be the same or different and the 
aromatic hydrocarbon group has at least a hydrocart)on group on a carbon atom adjacent to a cartx)n atom bonded 
with an oxygen atom as a substituent; A^ is an n-valent organic group having an aliphatic hydrocartx)n group, a 
cydoatiphatic hydrocart>on group or an aromatic hydrocaft>on group bonded with an acQacent oxygen atom, which 
may respectively have a substituent; n is an integer of from 2 to 4; and the respective 

45 

fO-P(OR^)(OR2)] 

group may be the same or different. 

50 2. The hydroformylation process according to Claim 1 , wherein R^ and R^ are a phenyl group having a hydrocartx>n 
group at the ortho-position or a p-naphthyl group having a hydrocart)on group at the 3-position. 

3. The hydroformylation process according to Claim 1 , wherein the hydrocartx>n group contained, as the substituent, 
in R^ and R^ is at least one substituent selected from the group consisting of an alkyi group, an aralkyi group, an 

55 aryl group and a cycloalkyl group. 

4. The hydroformylation process according to Claim 1, wherein the phosphite compound is a tiiis phosphite com- 
pound having ttie formula (II). 
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\-0-a2-0^P^ (II) 

wherein R^, R"*. R^ and R^ are respectively a p-naphthyl group having a hydrocarbon group at least at the S-posi- 
tlon, which may be the same or different, and is a divalent group having an aliphatic hydrocarbon group, a 
cycloaliphatic hydrocarbon group or an aromatic hydrocarbon group bonded with an adjacent oxygen atom, which 
may respectively have a substituent. 

5. The hydroformylation process according to Claim 1 . wherein the olef inic compound is selected from the group con- 
sisting of an olefinic compound substituted with a saturated hydrocarbon group only, an olefinic compound substi- 
tuted with a hydrocarbon group containing an unsaturated hydrocarbon group and an olefinic compound 
substituted with a functional group containing a heteroatom. 

6. The hydroformylation process according to Claim 1 , wherein the olefinic compound is selected from the group con- 
sisting of a linear terminal olefinic hydrocarbon, a branched terminal olefinic hydrocarbon, a linear internal olefinic 
hydrocarbon, a cycloaliphatic olefinic hydrocart)on, a branched internal olefinic hydrocartx)n, and a mixture thereof. 

7. The hydroformylation process according to Claim 1 , wherein a reaction liquor after the reaction is separated into a 
reaction product and a catalyst liquor by distillation, and the catalyst liquor separated by distillation is recycled into 
the reaction system. 

8. A bisphosphite compound having the formula (II), 

r3-0 0-r5 

\-o-a2-o-p^ (II) 

R^-o'^ 0-R^ 



wherein R^. R*, R^ and R^ are respectively a p-naphthyl group having a hydrocarbon group at least at the 3-posi- 
tion, which may be the same or different, and A^ is a divalent group having an aliphatic hydrocarbon group, a 
cycloaliphatic hydrocarbon group or an aromatic hydrocarbon group bonded witii an adjacent oxygen atom, which 
may respectively have a substituent 

9. The bisphosphite compound according to Claim 8, wherein A^ in the formula (II) is a -Ar- or -Ar-B-Ar-group wherein 
Ar is an arylene group and B is a -CR^R^°-. -0-. -S-. or -CO- group (wherein P? and R^^ are respectively a group 
selected from the group consisting of a hydrogen atom, an alkyi group an aryl group, an arylalkyi group, an alkylaryl 
group and a cycloalkyt group). 

10. The bisphosphite compound according to Claim 9, wherein Ar is a phenylene group, a biphenylene group or a 
naphthylene group. 

PatentansprOche 

1. Hydrofbrmylierungsverfahren zur Herstellung eines hydrofbrmylierten Produkts durch Umsetzen einer Olefinver- 
bindung mit Wasserstoff und Kohlenmonoxid in Gegenwart eines Katalysators eines Metalls der Gruppe VIII, wobei 
in dem Verfahren eine Phosphitverbindung der Formel (I) vorliegt. 

A^{0-P(0R^)(0R2)]n (I) 
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worin und jeweils eine aromatische Kbhienwasserstoffgruppe darstellen, die gleich Oder verschieden sein 
kann. und die aromatische Kohlenwasserstoffgruppe mindestens eine Kohlenwasserstoffgruppe an einem Kohlen- 
stoftatom neben einem Kbhienstoffatom aufweist. das mit einem Sauerstoffatom als Substituenten verbunden ist; 

eine n-wertige organische Gruppe ntit einer aliphatischen Kohlenwasserstoffgruppe. einer cydoaliphatischen 
Kohlenwasserstoffgruppe Oder einer aromatischen Kohlenwasserstoffgruppe ist die an ein benachbartes Sauer- 
stoffatom gebunden ist, das seinerseits einen Substituenten aufweisen kann; n eine ganze Zahl von 2 bis 4 ist; und 
die Gruppe 

fO-P(0R^)(0R^J 

gleich oder verschieden sein kann. 



2. Hydroformylierungsverfahren nach Anspruch 1 , worin R^ und eine Phenylgruppe mit einer Kohlenwasserstoff- 
gruppe an der ortho-Position oder eine p-Naphthytgruppe mit einer Kohlenwasserstoffgruppe an der 3-Fteition dar- 

15 stellen. 

3. Hydroformylierungsverfahren nach Anspruch 1. worin die in R^ und R^ als Substituent enthaltene Kohlenwasser- 
stoffgruppe mindestens ein Substituent aus der Gruppe ist. die aus einer Alkytgruppe. einer Aralkylgruppe. einer 
Arylgruppe und einer Cycloalkylgruppe besteht. 

20 

4. Hydroformylierungsverfahren nach Anspruch 1. worin die Phosphitverbindung eine Phosphitvertxndung der For- 
mel (II) ist 



P-O-A^-O-P {II) 
R^-0 0-R^ 



worin R^ R^ R^ und R^ jeweils eine p-Naphthylgruppe mit einer Kohlenwasserstoffgruppe mindestens an der 3- 
Positton sind, die gleich oder verschieden sein kann, und A^ eine zweiwertige Gruppe mit einer aliphatischen Koh- 
35 lenwasserstoffgruppe, einer cydoaliphatischen Kohlenwasserstoffgruppe oder einer aromatischen Kohlenwasser- 
stoffgruppe ist, die an ein benachbartes Sauerstoffetom gebunden Ist, das seinerseits einen Substituenten 
aufweisen kann. 

5. Hydroformylierungsverfahren nach Anspruch 1 . worin die Olefinverbindung aus der Gruppe ausgewdhlt wird, die 
40 aus einer Olefinverbindung, die nur mit einer gesdttigten Kohlenwasserstoffgruppe substituiert ist. einer Olefinver- 
bindung. die mrt einer Kohlenwasserstoffgruppe substituiert ist, die eine ungesdttigte Kohlenwasserstoffgruppe 
enthait. und einer Olefinveibindung besteht, die mit einer ein Heteroatom enthaltenden funktionellen Gruppe sub- 
stituiert ist. 

45 6. Hydroformylierungsverfahren nach Anspruch 1 , worin die Olefinverbindung aus der Gruppe ausgewahlt wird. die 
aus einem linearen endstandigen Oiefinkohlenwasserstoff. einem verzweigten endstandigen Olef inkohlenwasser- 
stoff, einem linearen inneren Oiefinkohlenwasserstoff. einem cydoaliphatischen Oiefinkohlenwasserstoff. einem 
verzweigten inneren Oiefinkohlenwasserstoff und einem Gemisch davon besteht. 

so 7. Hydroformylierungsverfahren nach Anspruch 1 . worin eine Reaktionsflussigkeit nach der Reaktion durch Destina- 
tion in ein Reaktionsprodukt und eine Katalysatorflussigkeit getrennt wird, und die durch Destination abgetrennte 
KatalysatorflOssigkeit in das Reaktionssystem recycett wird. 
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8. Bisphosphitverbindung der Fbrmel (II) 



0-R^ 



(II) 



worin R^. R^, und R^ jeweils eine p-Naphthylgruppe mit einer Kohienwasserstoffgruppe mindestens an der 3- 
Positlon sind, die gleich oder verschieden sein kann, und eine zweiwertlge Gruppe mit einer aliphatischen Koh- 
ienwasserstoffgruppe, einer cycloaliphatischen Kohienwasserstoffgruppe Oder einer aromatischen Kohienwasser- 
stoffgruppe ist. die an ein benachbartes Sauersloffatom gebunden ist, das selnerseits einen Subslituenten 
aufweisen kann. 

9. Bisphosphitverbindung nach Anspruch 8, worin in Formel (10 eine -Ar- Oder -Ar-B-Ar-Gruppe ist. worin Ar eine 
Arylengruppe ist. und B eine -CR^R^°-. -0-. -S- oder -CO-Gruppe ist (worin R® und R^** jeweils eine aus der 
Gruppe ausgewShlte Gruppe sind. die aus einem Wasserstoffatom. einer Alkylgruppe, einer Arylgruppe, einer Aryl- 
alkylgruppe, einer Alkylarylgruppe und einer Cycloalkylgruppe besteht. 

10. Bisphosphitverbindung nach Anspruch 9, worin Ar eine Phenylengruppe, eine Biphenylengruppe oder eine Naph- 
thylengruppe ist. 



Revendications 



1. Proc6d6 d'hydroformylation pour la pr6paration d'un produit hydroformyl§ par reaction d'un compos6 ol6finique 
avec de I'hydrog^ne et du monoxyde de carbone en pr6sence d'un cataiyseur d base de m6tal du Groupe VIII. 
dans la reaction duquel est pr^ent un compost phosphite ayant la fbrmule (I), 

A^fO-P(OR^){OR2)]n (I) 



dans laquelle : 

- R^ et R^, qui peuvent §tre identiques ou diff6rents, repr6sentent chacun un groupe hydrocarbon^ aromatique 
et le groupe hydrocarbon^ aromatique a. en tant que substituant, au moins un groupe hydrocarbon^ sur un 
atome de carbone adjacent ^ un atome de caibone 116 ^ un atome d'oxyg^ne ; 

- A^ repr6sente un groupe organique n-valent ayant un groupe hydrocarbon6 allphatique. un groupe hydrocar- 
bon6 cycloaliphatique ou un groupe hydrocarbon6 aromatique Ii6 avec un atome d'oxyg^ne adjacent, ces 
groupes pouvant chacun avoir un substituant ; 

- n est un entier de 2 ^ 4 ; et les groupes respectifs 

{0-P(GR^)(0R2)] 



peuvent §tre identiques ou diff^rents. 

2. Proc6d6 d'hydroformylation selon la revendication 1 . dans lequel R^ et R^ repr6sentent un groupe ph6nyle ayant 
un groupe hydrocarbon^ en position ortho ou un groupe p-naphtyle ayant un groupe hydrocarbon6 en position 3. 

3. Proc6d6 d'hydroformylation selon la revendication 1, dans lequel le groupe hydrocarbon^ contenu. en tant que 
substituant, dans R^ et est au moins un substituant choisi dans le groupe constitu6 par un groupe alkyle. un 
groupe aralkyle, un groupe aryle et un groupe cycloalkyle. 

4. Proc§d6 d'hydroformylation selon la revendication 1 . dans lequel le compos6 phosphite est un compost bisphos- 
phite ayant la formula (II), 
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r3-o o-r5 

P-O-A^-O-P 

/ \ 



(II) 



dans taquelle : 



R^. R^ 6t R^. qui peuvent 3tre identiques ou diff^rents. repr^ntent chacun un groupe p-naphtyle ayant 
un groupe hydrocarbon^ au nr\oins en position 3 ; et 
- repr^sente un groupe divalent ayant un groupe hydrocartx>n6 aiiphatique. un groupe hydrocartiond cycioa- 
liphatique ou un groupe hydrocarbon^ aromatique Ii6 k un atome d oxyg^ne adjacent, ces groupes pouvant 
chacun avoir un substituant. 



5. Proc^6 d'hydrofbrmylation selon la revendication 1 , dans lequel le compost ot6f inique est choisi dans le groupe 
constitu6 par un compost ol6flnique substitu6 seulement par un groupe hydrocarbon^ satur6. un compost ol^fini- 
que substitu6 par un groupe hydrocarbon^ oontenant un groupe hydrocarbon^ insatur6 et un compost ol6finique 
suk>stitu6 par un groupe fonctionnel contenant un h6t6roatoma 



6. Proc^6 d'hydrofbrmylation selon la revendication 1, dans lequel le compost ol6finique est choisi dans le groupe 
constitu6 par un hydrocartxire ol6finique terminal Iin6aire. un hydrocarbureol6finique terminal ramifi6, un hydrocar- 
bure ol6finique interne lin^aire, un hydrocarbure ol^lnique cycloaliphatique, un hydrocarbure ol^inique interne 
ramif 16 et un melange de ceux-d. 



7. Proc6d6 d'hydrofbrmylation selon la revendication 1 , dans lequel aprds la reaction une liqueur de reaction est 
s^par^e en un produit de reaction et une liqueur de catalyseur par distillation, et la liqueur de catalyseur s^r6e 
par distillation est recycl6e dans le syst^me r6actionnel. 

8. Ck)mpos6 bisphosphite ayant la fbmfiule (I I) 

R^-O 0-r5 

P-O-A^-O-P (II) 
R^^-O 0-R^ 



dans laquelle : 

R^, R^. R^ et R^, qui peuvent §tre identiques ou diff^rents, repr^sentent chacun un groupe p-naphtyle ayant 
un groupe hydrocartx)n6 au moins en position 3 ; et 
- repr^ente un groupe divalent ayant un groupe hydrocart)on6 aiiphatique. un groupe hydrocart)on6 cydoa- 
liphatique ou un groupe hydrocarbon^ aromatique 116 d un atome d'oxyg^ne adjacent, ces groupes pouvant 
chacun avoir un substituant. 

9. Compost bisphosphite selon la revendication 8, dans lequel A^ dans la formula (II) est un groupe -Ar- ou -Ar-B-Ar- 
oCi Ar est un groupe aryl^ne et B est un groupe -CR^R^^-, -0-, -S- ou -CO- (ou R^ et R^*' represented chacun un 
groupe choisi dans le groupe constitu6 par un atome d'hydrog^ne. un groupe alkyle, un groupe aryle. un groupe 
arylalkyle. un groupe alkytaryle et un groupe cydoaikyle). 

10. Compost bisphosphite selon la revendication 9. dans lequel Ar repr^sente un groupe ph6nyl6ne, un groupe biph6- 
nyldne ou un groupe naphtyl^ne. 
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